Background: The drug-excipient compatibility studies were carried out with the possible excipients viz. Tween 80, Carbopol 940, chitosan, sodium alginate, and polycaprolactone (PCL) for their possible use in the formulation of eugenol loaded nanoemulsion gels and nanoparticles. Methods: The eugenol-excipient compatibility studies were carried out by visual observations, differential scanning calorimetry (DSC), infrared spectroscopy (FTIR), and high-performance thin-layer chromatography (HPTLC). Results: No notable change was observed in the samples on visual observation. From the results of the DSC studies, to a much extent, it was assumed that eugenol was not subjected to any interaction with the selected excipients for the proposed nanoemulsion gel and nanoparticles. But in some cases viz. polycaprolactone and Carbopol, though not to a significant level, slight deviation of the nature and position of the endothermic peaks of eugenol were observed. The results of the IR spectroscopy confirmed the compatibility of eugenol with Tween 80, Carbopol 940, chitosan, sodium alginate, and polycaprolactone. The retention factor of the HPTLC densitogram peaks for all the physical mixtures was well within the retention factor (R f ) value range observed for pure eugenol. Conclusions: The study results confirmed that eugenol is compatible with the selected excipients for the development of nanoemulsion gels and nanoparticles.
Background
Assessment of chemical compatibility is inevitable for a stable and effective delivery system for any drug. Though thin layer chromatography (TLC) is considered useful, differential scanning calorimetry (DSC) is considered as one of the most suitable technique to study drug-excipient compatibility studies. The advantage of DSC is that it does not warrant long-term storage due to the fact that during DSC itself, the sample is subjected to accelerated temperature conditions (Wells, 2002) . One drawback of this method is that it will not be suitable when the degradation or incompatibility is not temperature routed. In the present study, we have extensively carried out the eugenol-excipient compatibility studies by combining the advantages of DSC and high-performance thinlayer chromatography (HPTLC) along with infrared spectroscopy (FTIR).
Cloves and clove oil are much used in food products such as drinks and dishes, and the major constituent of clove oil is eugenol (80-90 %) and is mainly responsible for its properties. Eugenol (Fig. 1a) is used principally as a fragrance and flavoring agent in food industry. It is an analgesic in dental materials and nonprescription drug products, as an insect attractant and as a chemical intermediate.
Eugenol is a potent phytochemical useful against inflammation and periodontal infections. Novel drug delivery systems enhance the therapeutic potential of active agents. Development of novel drug delivery systems such as nanoemulsions and nanoparticles of eugenol would be beneficial in enhancement of its therapeutic efficacy. But, the selection of excipients or additives for the fabrication of these systems requires a careful screening process so as to ensure that the final product is free from physical or chemical incompatibility between eugenol and excipients.
Poly-ε-caprolactone (Fig. 1b) was selected as a suitable polymer candidate to prepare NPs for the treatment of periodontal infections as it possesses advantages that include biocompatibility, biodegradability, high encapsulation capacity, non-toxicity, and comparatively slow degradation (Koleske, 1978; Murthy, 1997; Sinha et al. 2004) . The application of chitosan (Fig. 1c) and alginate ( Fig. 1d ) polymers for preparation of nanoparticles (Sosnik, 2014; Wang et al. 2011 ) and for treatment of periodontal disease (Akncbay et al. 2007; Zaki, 2012) is well reported and established. Polysorbates are widely used in cosmetics, food products and oral, parenteral, and topical pharmaceutical formulations and are generally regarded as nontoxic and nonirritant materials. Tween 80 (Fig. 1e) is the most commonly employed polysorbate as surfactant in nanoemulsions (Baboota et al. 2007 ). Carbopol polymers (Fig. 1f) are very well suited for aqueous-based topical dosage forms. Many commercial topical products available today have been formulated with Carbopol 940, as they provide the following numerous benefits to topical formulations. Carbopol polymers are safe and effective, non-sensitizing, no effect on the biological activity of the drug and excellent thickening, suspending, and emulsification properties for topical formulations including nanoemulsion gels (Baboota et al. 2007) .
As a part of selection of suitable polymers and other excipients for the formulation of these colloidal drug delivery systems, eugenol-excipient compatibility studies were carried out. Chitosan, sodium alginate, and poly-ε-caprolactone were studied for their possible use in the formulation of nanoparticles. Tween 80 and Carbopol 940 were checked for compatibility with eugenol for their use in the formulation of topical nanoemulsion gel.
Methods

Materials
Eugenol (pure) was purchased from Central Drug House, Delhi, India. Poly-ε-caprolactone (MW-14000), chitosan, and sodium alginate were purchased from Sigma-Aldrich Co., MO, USA. Carbopol 940 was a gift sample from Noveon Corporation, Cleveland, OH, USA. Tween 80 was purchased from Central Drug House, New Delhi, India. All other chemicals and reagents used were of analytical grade.
Eugenol-excipient compatibility studies
Prior to formulation, to study the physical and chemical compatibilities of eugenol with the proposed excipients to be used, the following studies were conducted on the physical mixtures of drug and each excipient in the weight ratio 1:1. The physical mixtures were stored in light resistant glass containers for 14 days at 37°C before analysis (Wells, 2002) . The samples (Table 1) were subjected to analysis. The analytical results of physical mixtures were compared with those obtained with eugenol and excipients alone.
Visual observations
The samples subjected to drug-excipient compatibility studies were assessed for any visual changes. The samples were observed for change in color and gas formation.
Differential scanning calorimetry
The DSC thermograms of eugenol, individual excipients, and their physical mixture with eugenol were obtained using DSC-821 (Mettler Toledo, Greifensee, Switzerland) equipped with Star ē Software. Nitrogen gas flow was 60 mL min -1 . Samples were weighed about 5-10 mg, sealed in an aluminum pan of 40 μL capacity, and equilibrated at 25°C and were subjected to the DSC run over the temperature range of 25 to 350°C at a heating rate of 10°C min -1 .
Infrared spectroscopy
The FTIR spectrum of eugenol was obtained using in IR Prestige-21 Shimadzu FTIR spectrometer (Shimadzu Corp, Kyoto, Japan). Liquid samples and physical mixtures were examined as a film on sodium chloride salt plate using chlorofom as solvent. The FTIR spectra of powder samples were recorded by KBr pellet method.
High-performance thin-layer chromatography
To assess any possible degradation of the eugenol in the samples subjected to compatibility studies, the developed and validated stability indicating HPTLC method was used (Pramod et al. 2015) . The samples subjected to drug-excipient compatibility studies were mixed with methanol. The solutions were filtered through a 0.45 μ nylon filter and were applied as bands. The mobile phase consisted of n-Hexane: acetone (7:3 v/v). The retention factor (R f ) values of the bands of the samples and pure eugenol were obtained. Comparison of R f values was employed to assess the drug-excipient compatibility (Mutalik and Udupa, 2005) .
Results and discussion
Visual observations
No notable change was observed in the samples on visual observation. There was no observable color change or gas formation in the samples. Other usual visual evaluations like liquefaction and cake formation could not be studied due to the liquid nature of eugenol. Absence of any significant changes suggested a possible compatibility of eugenol with the selected excipients.
Differential scanning calorimetry
The obtained DSC thermogram of pure eugenol is shown in Figs. 2a, 3a , 4a, 5a, and 6a and was found to be in agreement with the reported thermogram of eugenol (Chaar et al. 2004; Monteiro et al. 2011; Nuchuchua et al. 2009; Santos et al. 2009 ). The DSC curve for the eugenol displayed one endothermic peak, at 258.81°C which attributed to the volatilization of eugenol (Monteiro et al. 2011) .
The DSC thermogram of Tween 80 (Fig. 2b ) was in reasonable agreement with the reported data (Fang et al. 2008; Kishore et al. 2011) . The endothermic peak near 115°C was observed in the thermogram of Tween 80 which corresponds to its flash point (Fang et al. 2008) . The endotherm corresponding to the volatilization of eugenol was found to shift slightly toward higher temperature and showed its peak at 285.79°C (Fig. 2c ). This could be the result of the stabilization of the (Fig. 3b ) was comparable to reported data (Aigner et al. 2011; Mutalik and Udupa, 2005) . The DSC thermogram of physical mixture of eugenol and Carbopol (Fig. 3c) revealed only a very negligible change in the endothermic peak of eugenol in the presence of Carbopol 940 (265.83°C). Previous studies have also reported such negligible change in the melting point of drug in presence of Carbopol (Mutalik and Udupa, 2005) . Thus, it could be assumed to a much extent that eugenol is not subjected to any interaction with Carbopol 940.
The DSC thermogram of chitosan (Fig. 4b ) was in reasonable agreement with the reported data (Bhumkar and Pokharkar, 2006; Guinesi and Cavalheiro, 2006; Kittur et al. 2002) . The thermogram of chitosan showed an endotherm at 127.41°C which could be attributed to the possible moisture content of the chitosan sample. The endotherm could be related to the pressure buildup because of water evaporation inside the pans (Kittur et al. 2002). The second thermal event may be related to the decomposition of amine units with correspondent exothermic peak at around 325°C (Guinesi and Cavalheiro, 2006; Kittur et al. 2002) . The DSC thermogram of physical mixture of eugenol chitosan (Fig. 4c) revealed thermal events (peaks) corresponding to a combination of individual thermograms of both. An endothermic peak at 280.86°C corresponding to eugenol and an exothermic peak at around 325°C corresponding to that of chitosan were observed. The endothermic peak corresponding to moisture in chitosan was also observed at around 125°C. Thus, it could be inferred that eugenol is not subjected to any interaction with chitosan.
The DSC thermogram of sodium alginate (Fig. 5b) was in reasonable agreement with the reported data (Pathak et al. 2008; Soares et al. 2004) . The decomposition of the polymer was represented by an exothermic peak at around 250°C (Soares et al. 2004) . Complete decomposition of the carbonaceous material occurred above 300°C as indicated by the exothermic response in the thermogram (Soares et al. 2004 ). The major thermal events of eugenol and sodium alginate were observed in the thermogram of their physical mixture also (Fig. 5c) . The endothermic peak of eugenol was found around 250°C in the mixture. The decomposition exothermic peak of sodium alginate was found to be around 255°C in the mixture. Thus, from the DSC thermograms, it could be inferred that eugenol is not subjected to any interaction with sodium alginate.
The DSC thermogram of polycaprolactone (Fig. 6b ) showed its endothermic peak of melting at 60.40°C. It was in agreement with the reported data (Chawla and Amiji, 2002; Natarajan et al. 2011) . The endothermic peak of eugenol was observed in the thermogram of the mixture (Fig. 6c) at 270.88°C. The endothermic peak of polycaprolactone was slightly shifted to 81.16°C. This could be due to the stabilization of the polymer by the liquid nature of eugenol with high boiling point. Thus, from the DSC thermograms, it could be assumed that eugenol is not subjected to any interaction by polycaprolactone.
From the results of the DSC studies, to a much extent, we could assume that eugenol is not subjected to any interaction with the selected excipients for the proposed nanoemulsion gel and nanoparticles. But in some cases viz. polycaprolactone and Carbopol, though not to a significant level, slight deviation of the nature and position of the endothermic peaks of eugenol were observed. Considering the fact that eugenol is in the liquid state and the excipients are in solid/liquid state, the results obtained could be considered as satisfactory. The change of the physical state of the mixture (semisolid type except for the mixture with Tween 80 where is a change in the viscosity), which is different from the individual ones (liquid and solids), could also contribute toward this type of response. Moreover, it is difficult to expect a result as we do in solid samples which we usually come across in case of drugs. In general and most cases of drug excipients compatibility studies, where both drug and excipients are solids, these types of behavior may not be observed. Considering all these facts, we finally decided to carry out the IR spectroscopy of the samples which could yield a more authentic and appropriate result to confirm whether the purity of the eugenol is retained or not in the mixture. The results of these experiments are detailed and discussed in the next section.
Infrared spectroscopy
FTIR spectra of the mixture of eugenol and excipients were compared with the spectra of individual components. The FTIR spectrum of eugenol is shown in Figs. 7a, 8a, 9a, 10a , and 11a. Eugenol showed its signature peaks in 720-1250 cm -1 region corresponding to C=C region. In addition, sharp peaks at 1637.56, 1610.56, and 1514.12 cm -1 were also found from eugenol, which could be due to C=C stretching of the aromatic moiety. The obtained spectrum was found to be well in agreement with the reported spectrum of eugenol (Nuchuchua et al. 2009; Yang and Song, 2005) .
In the case of Tween 80, the FTIR spectrum (Fig. 7b) was well in agreement with reported data (Hillgren et al. 2002; Lim et al. 2009; Shan et al. 2010) . The FTIR spectrum of Tween 80 exhibited peaks at around 3600 (OH-stretching), around 2900 (CH 2 -stretching), around 1732.08 (C=O-stretching), and around 1600 cm -1 (HOH-bending) . The signature peaks of eugenol (720-1250 cm -1 ) were present in the physical mixture also (Fig. 7c) . The sharp peaks at around 1637, around 1602.85, and 1514.12 cm -1 (Fig. 7c) were well in agreement with the FTIR spectrum of pure eugenol.
The FTIR spectrum of Carbopol 940 (Fig. 8b) was well in agreement with reported data (USP 29, 2006) . The FTIR spectrum exhibited main peaks at 1712.79, around 1454, around 1414, around 1245, 1172.72, around 1115, and around 801 cm -1 . The signature peaks of eugenol (720-1250 cm -1 ) were present in the physical mixture also (Fig. 8c) . The sharp peaks at around 1637, around -1 were present in the physical mixture (Fig. 8c) and were well in agreement with that of FTIR spectrum of pure Carbopol 940 (Fig. 8b) .
In the case of chitosan, the FTIR spectrum (Fig. 9b ) was well in agreement with reported data (Lawrie et al. 2007; Sahoo et al. 2010) . The FTIR spectrum of chitosan showed its characteristic peaks at 3275.13 (O-H and N-H stretch) ) were present in the physical mixture (Fig. 9c) also. The sharp peaks at 1606.70, 1512.19, and around 1637 cm -1 were well in agreement with the FTIR spectrum of pure eugenol. The characteristic peaks of chitosan at around 2880, around 1662, 1431.18, 1365.60, 1149.57, and around 1026 cm -1 were present in the physical mixture and were well in agreement with that of the FTIR spectrum of pure chitosan. The peak at 3275.13 cm -1 due to O-H and N-H stretch was overlapped by the peak of eugenol in the mixture. The FTIR spectrum of sodium alginate (Fig. 10b) showed its characteristic peaks at 3700-3000 (broad, OH stretch), 3000-2850 (CH stretch), 1598.99 (antisymmetric CO 2 -stretch), 1415.75 (symmetric CO 2 -stretch), around 1297 skeletal vibration, and 1081-1027 cm -1 (antisymmetric stretch C-O-C). These results were well in agreement with reported data (Lawrie et al. 2007; Sakugawa et al. 2004) . The signature peaks of eugenol (720-1250 cm -1 ) were present in the FTIR spectrum of physical mixture also (Fig. 10c) . The sharp peaks at around 1637, 1608.63, and 1512.19 cm -1 were well in agreement with the FTIR spectrum of pure eugenol. The characteristic peaks of sodium alginate were possibly overlapped by the peaks of eugenol as both exhibited peaks at very similar wave number. Another possibility for this result is the insolubility of sodium alginate in chloroform (USP 29, 2006 ) used as medium for taking the IR spectrum. Overall, the study revealed that eugenol does not have any incompatibility with sodium alginate.
In the case of polycaprolactone, the FTIR spectrum (Fig. 11b) was well in agreement with reported data (Sahoo et al. 2010; Wu, 2003) . The characteristic peaks of polycaprolactone (PCL) at 3300-3700, 1730.15, 850-1480, and 731.02 cm -1 all appeared in its spectrum. In the case of the physical mixture of eugenol and PCL, the FTIR spectrum (Fig. 11c) showed the characteristic peaks of both eugenol and PCL. The signature peaks of eugenol (720-1250 cm -1 ) were present in the physical mixture also. The sharp peaks at 1604.77, 1514.12, and around 1637 cm -1 were well in agreement with the FTIR spectrum of pure eugenol. The characteristic peaks of PCL at 3300-3700, 1732.08, 850-1480, and 746.45 cm -1 were present in the physical mixture and were well in agreement with that of FTIR spectrum of pure PCL (Fig. 11b) .
The results of the IR spectroscopy confirmed the compatibility of eugenol with Tween 80, Carbopol 940, chitosan, sodium alginate, and polycaprolactone.
High-performance thin-layer chromatography
As a final step of confirmation of the compatibility of eugenol with the excipients, we carried out the HPTLC of the samples stored for 14 days at 37°C. The HPTLC method (Pramod et al. 2015) was used to check the presence of peak(s) of degradation product(s) of eugenol, if any, and thereby assess the drug-excipient compatibility with the proposed excipients.
It was observed that none of the pure samples of excipients showed peaks in their densitogram. In the physical mixtures of eugenol and excipients, all the samples developed single peak only. The retention factor of the peaks for all the physical mixtures was well within the R f value of 0.539 ± 0.004 observed for pure eugenol. Thus, it was confirmed that eugenol is compatible with the selected excipients for the development of nanoemulsion gel and nanoparticles. 
